Coalbed methane is an unconventional gas resource that consists of methane production from coal seams .The unique difference between CBM and conventional gas reservoirs is that it is a dual-porosity system characterized by complex interaction of the coal matrix and cleat system that are coupled through the desorption process. Coalbed methane reservoir performance is controlled by a complex set of reservoir, geologic, completion and operation parameters. To date there are very little tools to help with predicting the performance of CBM wells.
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INTRODUCTION
Since 1983, the coalbed methane industry in the United States grew from a little known, high cost operation to a competitive main line natural gas resource. CBM proven reserves in the United States have increased from 3.7Tcf in 1989 to 18.75Tcf in 2003 and currently account for over 10 percent of the estimated total US natural gas reserves.
Production decline curves are usually used to forecast the recovery factor, future revenues, and well performance. The conventional decline curve methods cannot be used to predict CBM production behavior due to complex nature of CBM production.
Production from CBM reservoir is controlled by a complex set of reservoir, geologic, completion and operation parameters and the inter-relationships between these The cleat constitutes the natural fractures in all coal seams while the matrix contains majority of the gas. In most of the CBM reservoirs, water settles in the cleat system and saturates it. The water provides the reservoir pressure that holds gas in the adsorbed state. Production of gas is controlled by a three step process -desorption of gas from the coal matrix, diffusion to the cleat system, and flow through fractures.
The dewatering process consists of producing water to lower the pressure so that the methane can be desorbed from the coal and diffuse into the macropores. The free gas saturation in the macropores increases as gas continues to be desorbed, ultimately resulting in the transportation of the gas through the fractures in the macropore system.
The water production declines throughout the life of the CBM reservoir and reaches a minimum after the peak gas rate has been reached. At this point, the behavior of CBM reservoir becomes similar to conventional reservoirs. horizontal well in a CBM reservoir is to enhance reservoir contact and thereby enhance well productivity. A long horizontal well provides a large contact area and therefore enhances well injectivity, which is highly desirable for enhanced oil recovery (EOR) applications. (Joshi S.D 1991) .Also, the direction of the borehole can be controlled with respect to the principal permeability directions of the coal seam. Horizontal well completion scheme can either be open hole, slotted liner, a liner with external casing packers or cased hole with perforations. However, the major demerit of horizontal wells is that, only one pay zone can be drained per horizontal well. Horizontal wells costs are 1.4 to 3 times more than vertical wells.
LITERATURE REVIEW
Coalbed Methane
Coalbed methane is an unconventional gas resource that started growing since 1983. It was not until 1983 when the industry recognized the potential of coalbed methane as a source of low-cost gas. The US Bureau of Mines aggressively pursued research to find ways to remove methane from coal seams before mining them after the disastrous coal mine explosion in Farmington, West Virginia, in 1968. By 1971, the Bureau and Amoco Production Company conducted some experiment on wells in two of the major basins in the US (Warrior Basin and San Juan Basin).
After a successful gas production of 1Mcfd with hydraulic stimulation treatment, the US Department of Energy (DOE) initiated its coalbed methane research program in the early 1980s It took some time and effort to understand the production mechanism of the CBM reservoirs. The completion techniques had to be developed in order to produce gas from coal seams. The coalbed gas accounts for 7 percent of the total annual US dry gas production and 11.7 percent of estimated total gas recoverable US natural gas resource base. The total estimated gas in U.S. is about 400Tcf (Hunt, A. M., and Steele D. J., Coal is unusual because it serves both as the source rock and the reservoir. To thoroughly evaluate and develop a CBM prospect, you first must understand the internal structure and character of the coal and the strata surrounding the reservoir. b) The thermogenic gas generation occurs at temperatures above 50°C.
As temperature increases, the depth of burial and coal rank also increases with time. This time-temperature relationship (also termed as "time-depth of burial") determines the coal rank that directly controls the volume of methane, carbon dioxide and nitrogen generated.
Other hydrocarbon gases such as Ethane, propane, and butane are also produced in smaller amount. However, the analysis of gas produced from coalbed either in wells or during desorption testing shows that, with a few exceptions, these gases contain an excess of 95% methane, trace of very minor amounts of higher hydrocarbons (ethane, propane, etc.), and less than 3% each of nitrogen and carbon dioxide. ( Rightmire et al 1984) .
Methane is a by-product generated from coalification ( Figure 2 .2). During this process the amount of methane produced greatly exceeds the capacity of the coal to hold the gas.
Some of the gas is naturally released as its burial depth decrease and the remaining gas is stored in the coal seam. In that manner, the coal can hold two to three times as much gas in place as the same volume of a conventional sand reservoir (Kuuskraa, V. and Brandenburg C, 1989). Thus, this storage system places the coal as a very attractive source and reservoir rock for gas production. (ii) Bituminous; a soft coal which burn freely with a flame. It yields volatile matter with heat.
(iii) Anthracite, a hard black lustrous coal with more than 92% fixed carbon (dry, mineral matter-free). It is also called hard coal and its permeability is usually very low.
Usually, coal rank is directly proportional to depth because coal is very sensitive to temperature, pressure, and depth of burial (Figure 2.3) . Coals at the same depth do not have the same rank. Typically the gas content increases with the hardness of the coal, but the natural permeability also decreases. As a result, the most commercial coal ranks are in a range between sub-bituminous to semi-anthracite because they usually provide optimum gas content and sufficient permeability for gas production. mostly by water and some "free gas". Also, some gas can be dissolved in the water moving within the pores of the coal. The micropore structure usually has a very low flow capacity with less permeability (in microdarcy range), whereas coal cleats have a much greater flow capacity with higher permeability (millidarcy range). Therefore, coals are considered as materials with dual porosity system.
Permeability which is the ability of a material (generally an earth material) to transmit fluids through a porous medium when subjected to pressure, represents one of the most important and crucial properties to produce gas at an economical rate. In the United
States, absolute permeabilities can range from 0.1 to 250md. In coalbed methane, there are two major fluids flowing in the interconnected cleat network which result in a two phase flow regime. In this case, effective and absolute permeability take place in order to differentiate two fluid flows in the porous media. The effective permeability is referred to each individual fluid. The effective permeability of individual flowing phase is always less than the absolute permeability of the porous media, and the sum of the effective permeabilities of all flowing phases is less than or equal to the absolute permeability.
Relative permeability is defined as the ratio of effective to absolute permeability. After gas production starts, (long-time production of CBM) a two-phase condition is initiated.
At that point relative permeability controls the behavior of the reservoir. Permeability is affected by several parameters such as time-depth burial, fracture spacing, cleat system, effective stress in coals and, coal shrinkage. The fluids in the coals (water and gases) flow through the coal cleat system and other fractures. The cleat is referred to as the natural system of vertical fractures that were formed during the coalification process.
Their orientation is controlled by tectonic stresses at the time of fracture formation. The cleat system typically is formed for two or more sets of sub-parallel fractures oriented nearly perpendicular to the bedding.
The face cleat is related to the dominant set of fractures. The orientation of the face cleats is a result of the tectonic forces. They are formed parallel to the maximum compressive stress. Butt cleats are more discontinuous and non-planar than face cleats. Butt cleats are usually perpendicular to the face cleats. The cleat system usually creates permeability anisotropy; with greater permeability in the face cleat direction.
In coals, permeability is very pronounced and stress-dependent. Horizontal stress perpendicular to the face cleat can close the face cleat openings and cause low permeability. When the stress conditions are low, natural fractures can be opened and provide permeability for flow through rock strata. Cleat spacing also influences coalbed permeability greatly. The spacing of face cleat fractures may range from one tenth of an inch to several inches. It is influenced by coal rank, petrographic composition, mineral matter content, bed thickness, and tectonic history. Permeability can be higher in Medium-Volatile Bituminous than in semi-anthracite. In anthracite and semi-anthracite coals the permeability can be low to nonexistent because of the destruction of the cleat.
Furthermore, mineral fillings in cleat may also affect the permeability in the coals.
Common minerals like calcite, pyrite, gypsum, kaolinite, and illite can fill the cleats, thus lowering the permeability values of the coals. If a large proportion of the cleats are filled, absolute permeability may be extremely low. Therefore, knowing the major properties and its effects in coalbed methane reservoirs is an important procedure in describing how the methane is stored in the coal, released and the flowing characteristics. Basically there are two basic concepts in the understanding of CBM; these are the methane storage and the methane flow.
Methane Gas Storage in Coal Reservoirs
Methane is held in coal in one of the following three ways:
(a) As adsorbed molecules on the organic surfaces, (b) As free gas within the pores or fractures and (c) Dissolved in solution within the coalbed (Rightmire, et al., 1984) .
However, the most amount of methane in coal exists as a monomolecular layer adsorbed on the internal surfaces of the coal surface and there is just a small amount of free gas in the cleat system of a coal seam. Since coals have a very large internal surface area and the methane's molecules are tightly packed in the monomolecular layer, the total quantity of gas can be adsorbed. Adsorption process is directly influenced by pressure, temperature and coal rank. As pressure and coal rank increase (larger burial depth) and temperature decreases, the methane capacity of coal increases. So, deeper coal seams will generally store larger amounts of methane than shallower coals seams of similar rank (Figure 2.3 ).
In addition, as coal rank increases the coal's capacity of adsorption also increases.
The quantity of methane generated as coal progresses from peat to anthracite is greater than the capacity of the coal seams ability to absorb it. The amount of methane (and other gases) produced during coalification generally exceeds the retention capacity of the coal, and the excess methane often migrates into the surrounding strata (Boyer et al 1990) . For example, the highest gas content measured for anthracite coal in the US is 21.6 cubic meters per metric ton, only 12 percent of the total theoretical amount of methane generated during coalification. This fact can be explained mainly because the pressure holding the methane is much less today than the pressure when the gas was generated and, the amount of gas generated usually exceeds the capacity of adsorption of the coal seam.
The relationship between pressure and adsorbed capacity of coals is best described using a Langmuir isotherm (Figure 2.4) . Generally, the coal's capacity of adsorption gas varies non-linearly as a function of pressure. Desorption isotherm shows how the adsorbed gas concentration in the coal matrix changes as a function of the free gas pressure in the coal cleat system. Therefore, it represents the association between the flow in the matrix system and the flow in the cleat system. This non-linear relationship can be described based on an equation originally presented by Langmuir:
Where; C m = matrix gas concentration. Scf/ft3 V L = Dry, ash-free langmuir volume constant Scf/ton. P = Pressure in fracture system Psia.
The other byproduct of coalification process that takes an important place in analyzing coalbed methane is water. Water can be stored in coals in two ways:
(a) As bound water in the coal matrix and (b) As free water in the coal cleat system.
Matrix bound water is not mobile and has not shown any significant influence in methane recovery from coal. However, the free water held in the cleat system represents one of the critical parameter in methane production. The free water is mobile at high water saturations (greater than 30%). Many coal deposits are active aquifer systems and are 100 % water saturated in the cleat system. Those that are not aquifers may not be totally water saturated. Typical irreducible water saturation for a well cleated coal is in the range of 20 to 50 % of the interconnected cleat volume.
Gas Transport Mechanisms in Coal Reservoirs
As mentioned earlier, Production of gas is controlled by a three step process -desorption of gas from the coal matrix, diffusion to the cleat system, and flow through fractures.
The majority amount methane is stored in coal basically by adsorption in the matrix.
However, as pressure in the coal is lowered, the main fluid that flows in the cleat system is water and small quantities of free gas and some dissolved gas in the water. After the coal is dewatered, the methane is released (desorption stages-process) from the surface of the coal. Desorption is the process by which methane molecules detach from the micropore surfaces of the coal matrix and enter the cleat system where they exists as free gas. After desorbing from the coal surface, the methane flow in the matrix starts moving to the cleat system by different gas concentration gradients in both zones (diffusion). In other words, progressively the cleat system experiments low methane concentration that activates the gas adsorbed in the matrix to move from the higher gas concentration to the lower one. Diffusion is a process in which flow occurs via random molecular motion from an area of high concentration to an area of lower concentration. The diffusion process in the micropore system is described by the equation derived from Fick's Law The methane flow in the coals starts with lowering the pressure in order to produce the free gas and water from the natural system and to desorb methane from the cleat surface.
The variation in concentration is compensated by releasing gas from the matrix by diffusion. Desorption is controlled by pressure gradients while diffusion is controlled by concentration gradient. Once the gas reaches a cleat or fracture, the flow of methane through the coal can be describe using Darcy's Law. Darcy's Law is applied to reservoirs with the simultaneous flow of more than one fluid by including the effective permeability to each flowing phase. The relative permeability of each fluid (gas and water) should be well known in order to get accurate results.
Coalbed methane production
Coalbed methane production passes through three phases during the life-time of the reservoir. This behavior differs significantly from the normal decline curve of conventional gas wells. The production profile of coalbed methane well is shown in (Figure 2 .5).
During phase I, CBM wells experiment a constant water production with a very low or negligible incline in gas production and decline in flowing bottomhole pressure. Initially, most CBM wells are naturally water saturated because water liberation occurs during the coalification process. The water is occupying the principal cleat network. There is the need of removing the water from the major fractures system in order to produce gas.
Ideally, water production will relieve the hydraulic pressure on the coal in order to start the production by desorption of the gas from the coal. This process is known as dewatering. The number of days of this dewatering process and the amount of produced water can vary widely. Their impact deals with the economics of gas production. In this sense, they are very difficult to estimate and their influence in the economics very hard to predict. However, it seems that they are controlled by the physical properties of the coal.
The major physical properties that affect the efficiency of the dewatering process are: (a) permeability, (b) adsorbed gas content, (c) relative permeability and capillary pressure curves, (d) diffusion coefficient and, (e) desorption isotherm. At the end of this first phase, the well has reached its minimum flowing bottomhole pressure.
Phase II is described by a dramatically decrease in the water production and increase of the gas production rate. The water relative permeability decrease and the gas relative permeability increase. Outer boundary effects become significant and gas desorption rates change dynamically. The limit between phase II and III is determined when the peak gas rate is reached. The gas production has stabilized and starts to experience a typical decline trend.
During phase III, the well is considered to be dewatered, so the water production is in the low level or negligible. The water and gas relative permeabilities do not change extensively. The pseudo-steady state exists for the rest of producing life.
Figure 2-5 Typical Coalbed Methane Production Profiles for Gas and Water Rates: Three Phases of Producing Life
Horizontal Wells in Coalbed Methane
Horizontal wells in coalbed methane are a relatively new idea and many of the drilling projects that have been proposed using this technology are still in their infancy.
One of the principal benefits of horizontal well technology is that the direction of the borehole can be controlled with respect to the principal permeability directions of the coal seam. Therefore, in coalbed methane reservoirs, a more effective production technique may be a horizontal borehole placed perpendicular to the maximum permeability direction. This would result in improved access to the reservoir through the natural fracture network and enhance the rate of water production, accelerating the gas desorption process. A production profile for a horizontal CBM well is shown in Figure   2 .6. The production profile for horizontal CBM wells varies from that of a vertical CBM well. Since the horizontal well is drilled perpendicular to the maximum permeability direction there is more accessibility for the water to flow into the wellbore, thus allowing the dewatering process to be accelerated. 
Type Curves for Coalbed Methane Reservoirs.
Analysis of CBM reservoirs and their production performance can be very challenging.
The conventional decline curve analysis cannot be utilized due to the complex production mechanism in CBM reservoirs. (Aminian et al 2005) . A set of type curves has been proposed for vertical CBM wells. The type curves were developed as follows:
1) A basic reservoir model to predict gas production profiles for a CBM reservoir was developed.
2) A unique set of gas production type curves for CBM wells was developed.
3) The impact of various reservoir parameters on the type curves was investigated.
4)
A correlation between q maxD and the various reservoir parameters was developed.
Reservoir Model Description
A two-dimensional Cartesian base model was developed for an under-saturated CBM reservoir with a well located at the center of the drainage area. The reservoir simulation software used in this study was GEM developed by the Computer Modeling Group (CMG). GEM is CMGs advanced general equation of state, compositional, dual porosity reservoir simulator. Gem includes options for gas sorption in the matrix, gas diffusion through the matrix, two-phase flow through the natural fracture system. The reservoir parameters used to develop the base model are summarized in Table 2 .1. A set of published relative permeability was used in the model. The simulation runs were made by varying several of the key parameters over the range ranges provided in Table 2 .1. Type Curve Development A set of dimensionless rate and time equation was defined.
In the above equations, q peak represents the maximum or peak gas rate and G i is the initial gas in place which can be calculated by using the following equation:
Where,
is the gas content of coal in SCF/ton and ρ is the coal bulk density.
The base model gas production history was converted to dimensionless rate and time using the above definitions and the results were plotted on both Cartesian and log-log scale. Figure 2 .7 illustrated the type curve developed in this study. 
Impact of Reservoir Parameters
In order to establish the uniqueness of the type curves, the impact of the key reservoir parameters was investigated. The following eight parameters caused insignificant (less than 5%) deviation from the original type curves: fracture permeability, fracture porosity, fracture initial pressure, coal thickness, drainage area, skin factor, sorption time and initial gas content of coal. Flowing bottom hole pressure appeared to have some impact n gas production type curves particularly in the latter parts of the production history.
mplify the ionless peak gas rate is defined as:
le regression analysis was performed to develop the following correlation (R 2 = 0.86): o
Correlation Between q (peak)D and the various reservoir parameters
The type curves can be used to predict gas rates for evaluation of a CBM prospect. It is necessary to estimate q peak and G i from available formation properties. A variation of q peak with various parameters was investigated to develop a correlation. A dimensionless group for q peak was developed to minimize the impact of obvious parameters and si development of the correlation. The dimens --
In the above equation P c is the critical gas desorption pressure which is the pressure at which gas desorption from coal matrix into cleat system begins. Gas viscosity and zfactor in equation 2.7 should be estimated at P c . Cleat porosity, skin factor, Langmuir pressure and volume constants, and the critical gas desorption pressure were found to Behavior Analysis, and RESULTS; Post-processing Applications.
Although the applications that are included in the simulation software are designed for specific specs they can be modified slightly to handle the task at hand. The applications Results Graph is a 2D graph of well production and injection data from simulator runs and from common historical production data sources. It is controlled and defined b user to provide all the options that the user needs to better understand the reservoir.
Results is a module that produces high quality scaled 2D and 3D views of all grid based simulator data and links the displayed wells directly to the graphing capabilities of Results Graph. It allows the user control over the display both in location and time. It can be accessed directly through Results Graph and vice versa by opening different windows at the same time. In this way, the user has the complete vision of the plots to better understanding the performance of the reservoir. Results Report produces user-definable including well data, reservoir or sector totals and averages, and reservoir grid property data. It also can be used to compare data from different simulation runs and to generate ASCII files to input to economic analysis applications or spreadsheets of the user choice.
OBJECTIVE AND METHODOLOGY
The objective of this research was to develop a simple and reliable tool to predict the performance of horizontal wells in order to evaluate the economic feasibility and to maximize potential recovery. To achieve the objective, a methodology consisting of the following steps was employed:
1. A practical reservoir model producing through a horizontal well in the Northern Appalachian Basin was developed.
2. A set of type curves was developed using dimensionless groups.
3. The impact of various reservoir parameters on production performance was investigated.
4. A correlation between the dimensionless peak gas rate (q (peak)D ) and various parameters was developed.
Development of the Reservoir Model for the Northern Appalachian Basin
Before the simulation study was performed, an intensive literature review was conducted to identify the rage of parameters to be used in the base model for the parametric study.
Once the basic parameters were determined, the model was built using BUILDER. Table   3 .1 shows the input parameters used for the base model. For this base model and for all the cases that has been run the reservoir will be rectangular but the ratio of width to length of the well will not change as the area increases. The permeabilities are different for all i, j and k (kx, ky and kz) directions. As a result of coal being permeability anisotropic, the horizontal well was drilled perpendicular to the direction with the highest permeability, that is, in i-direction ( Figure   3 .1). The permeability values for each direction were changed at a constant ratio of 1:3 and 1:10 (1/3 of the maximum permeability; i = 10md, j = 3.3md and, k = 1md).
The simulation that was run incorporated a variable permeability range from 5 to 20md in i-direction. The 20md is considered to be an extreme case for the northern Appalachian basin, but was incorporated in order to fully demonstrate the effect on the type curves. A set of published relative permeability was used in the model. The simulation runs were made by varying several of the key parameters over the ranges provided in Table 3 .2 The horizontal well length is changed for all the different areas and this change is based on a ratio of 11:38, 15:38, and 30:38. Table 3 .2 summarizes the parameters and their ranges. The same procedure in developing type curves for vertical wells was applied for horizontal wells.
Impact of Reservoir Parameters
In order to establish the uniqueness of the type curves, the impact of the key reservoir parameters was investigated. The following seven parameters caused insignificant (less than 5%) deviation from the original type curves: fracture porosity, fracture initial pressure, coal thickness, drainage area, critical desorption pressure, flowing bottom hole pressure, Langmuir volume. Fracture permeability and Langmuir Pressure appeared to have some impact on gas production type curves.
Development of a Generalized Correlation between Dimensionless peak Gas Rate and various reservoir parameters.
The development of a generalized correlation for dimensionless peak gas rate in horizontal wells follows the same procedure as in vertical wells as discussed earlier.
The following equation defines the dimensionless peak gas rate for horizontal wells in In equation 3.1, P c is the critical gas desorption pressure which is the pressure at which gas desorption from coal matrix into cleat system begins. Gas viscosity and z-factor in equation 3.6 should be estimated at P c . The use of this dimensionless group minimized the impact of permeability, thickness, and drainage area.
A linear multiple regression analysis was performed to develop the correlation. To 
Verification
To evaluate the reliability of the gas production type curves and the correlations for q (peak)D , a case study was performed . A set of reservoir characteristics as summarized in Table 3 .3 were used as input into the CBM reservoir simulator to generate the production histories. These production histories were used to compare against the prediction from type curves using the gas peak rate. 
RESULTS AND DISCUSSION
The CBM production prediction tool developed in this study can serve as a quick and reliable tool for production performance, prediction and production data analysis. The results of the impact of the various parameters are shown below. The second set of simulations took into account the effect of porosity on the production from horizontal CBM wells. The porosity varied from 1.5% to 3%. The fifth set of simulations includes the variation of the critical desorption pressure. The impact of the pressure in the CBM production is considered critical and it needs to be tested to evaluate the behavior of the gas depletion. The critical desorption pressure varied in a range of 300 to 600psi. Figure 4 .6 illustrates the influence of critical desorption pressure on the gas production performance in a log-log scale The sixth set of simulations corresponds to the variation of both initial desorption and fracture pressure by the same value. Simulations were performed testing these properties from 300 to 500psi. The impact of the initial fracture pressure on the gas production behavior is not as significant as initial desorption pressure because most of the gas is stored in the coal matrix and it is not flowing as a free gas in the fractures of the coal. The eight set of simulations considers the influence of Langmuir pressure on the CBM gas production behavior. In this study, several Langmuir pressure were used. Figure 4 .9
shows the behavior in log-log scale. After all the parameters have been changed and an evaluation of their impact on the dimensionless equations has been made, average type curves were developed for permeability and langmuir pressure since they have a significant impact on the shape of the type curve. Some further tests can be utilized in order to determine the error involved with using this tool compared to actual production. The average type curves are shown below in Figure 4 .11 and 4.12. 
ϕ By using the above equation, and doing a reverse calculation of equation 3.1, the peak gas rate for any case in a coal bed methane (CBM) reservoir can be calculated.
With production type curves, an assumption that future production can easily be determined with some thought and a few calculations can be made. In order to estimate the future production from gas wells in which no production data is available a new equation had to be adopted and a value for q peak could be calculated just from knowing a few parameters. . from simulator. q (Peak)D value was calculated for the case study by using the correlation equation developed and then the value of q (peak)g was computed by using the calculated value of q (peak)D in equation 3.1. The comparison of the calculated and estimated value of q (peak)g for the case study, gave a maximum error of 7 percent and this leads to conclusion that the correlation developed for q (peak)D can provide reliable results
CONCLUSIONS AND RECOMMENDATIONS
The main focus of this research was to develop a set of type curves that could be used by the independent producers to evaluate and predict production data. The research took into account all geological and reservoir data to determine the impacts of each on the production. Based on the results, the following conclusions and recommendations were made.
1. Average production type curves were developed, that allowed for the analysis and prediction of future production.
2. The effects of nine (9) formation and operational parameters; permeability, porosity, thickness, critical desorption pressure, fracture pressure, flowing bottomhole pressure, and a ratio of horizontal length to area, Langmuir pressure and volume were studied to evaluate their impact on the type curve.
3. Permeability and Langmuir pressure (P L ) were found to significantly impact the type curve. 4 . A reliable correlation for predicting the peak gas rate was developed that allowed the type curve to be used as a tool for predicting production.
5. The comparison of the model prediction and type curve prediction indicated an error of 7 percent which is within reasonable engineering tolerance.
The impact of relative permeability needs to be studied in order to develop other type curves that could be used in different areas with different relative permeability data.
This research can be helpful in the development and implementation of new technology and growth in non-conventional gas reservoirs in the Northern Appalachian Basin. The results can lead to an easy to use tool for the independent producer to predict the future production of their wells. Since relative permeability is an important parameter for the gas production from CBM wells, it is recommended that a detail study of this variable be carried out.
NOMENCLATURE
V L = Dry-ash-free Langmuir volume constant, SCF/ton. P L = Langmuir pressure constant, psia. ρ = density, g/cm 3 .
t = time, days.
t D = dimensionless time. k = permeability, md.
µ i = viscosity at initial condition, cp. φ = porosity, % C ti = total initial compressibility.
A= area.
P i or P c = pressure at initial conditions. P wf = flowing bottomhole pressure. h = thickness. z = compressibility factor.
q peak or q maxD = peak gas rate, cf/day. q = gas rate, SCF/D.
q D = dimensionless gas rate.
G i = initial gas in place, SCF.
G C = gas content. k x = permeability in x direction, md k y = permeability in y direction, md r w = radius of wellbore, ft 
APPENDIX
